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Energy Scales

λph: Charge density wave insulator 
(e.g. Peierls distortion)

U/W: Mott-Hubbard
insulator

V0/W: Anderson
localization insulator

U: Hubbard U
W: Bandwidth
V0: Random potential
λph: Electron-phonon      

coupling
λ: Spin-orbit

coupling

Emergent properties arise 
from competing/balanced 
interactions

Adapted From Tokura

λ/W: Topological band insulator

Band Metal
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IQM Crystal Growth Successes

Not an exhaustive list!



Materials by Design Gets Serious!

New $25 Million 
NSF “Platform” 
on Interface 
Materials —by 
Design!

http://paradim.cornell.edu

New Chemistry
New Physics

New Materials Science

ACTIVE SUBSTRATE   +   THIN FILM

Director: Darrell Schlom (Cornell)



PARADIM: Unique Capabilities
High-pressure (supercritical fluid) floating-zone growth

Mass spectrometry and structure during bulk crystal growth

Integrated MOCVD + MBE + ARPES

High sensitivity, high dynamic range pixel array detector for 
quantitative mapping of E and B fields
with sub-nm resolution

Stable cryo-stages for STEM and
STEM-EELS at 20 K and 80-1200 K

Available to the community via proposals

Summer Schools to build a community of practitioners
Crystal Growth and Design, July 10th-15th, 2016
Intro to Density Functional Theory for Experimentalists, July 25th-29th, 2016

http://paradim.cornell.edu



Bulk Crystal Growth at JHU

• Leverage existing capabilities 
within IQM, while providing IQM 
staff proposal-free access to 
PARADIM facilities

• Focus is on supercritical fluid and 
in situ monitoring
• Complements existing US 

efforts to expand capabilities 
in pressure

• Summer schools for building 
community

• International and industrial 
partnerships welcome



McQueen Laboratory: Research Themes

e.g.: J.P. Sheckelton, et al. Nat. Mater. 11, 493-496 (2012)
M. Mourigal, et al. Phys. Rev. Lett. 112, 027202 (2014)

e.g.: Z.A. Kelly, et al. Submitted (2016)

e.g.: J.M. Caron, et al. Phys. Rev. B (Rapid) 85, 180405 (2012)
M. Mourigal, et al. Phys. Rev. Lett. 115, 047401 (2015)

e.g.: D.C. Wallace, et al. Dalton Transactions 44, 20344-51 (2015)



Enough of the advertising… onto the science
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SmB6: A Topological Insulator?



Defects Rule, Physics Drools
Dope holes via Sm vacancies

Dope electrons via C for B

W.A. Phelan, et al. Phys. Rev. X 4, 031012 (2014)
W.A. Phelan, et al. Sci. Rep. 6, 20860 (2016)



SmB6: Probably a Strong 3D TI

Product of parities at these 8 
points determines topological 
character

M X

R

W.T. Fuhrman, et al. Phys. Rev. Lett. 114, 036401 (2015)



Superconductors with Dirac States?



[Tl4]TlTe3: A Perovskite

Tl2+: Negative U 
ion (U ~ -5 eV)

K.E. Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014)



Superconductivity ~ 2.5 K

K.E. Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014)



ARPES (hard!)

K.E. Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014)



[Tl4](Tl0.4Sn0.6)Te3: Surface States Survive

K.E. Arpino, et al. Phys. Rev. Lett. 112, 017002 (2014) and APL Mat. 3, 041507 (2015)



Iridium Skutterudites

B.A. Trump, et al. Inorg. Chem. 54, 11993-12001 (2015)



Ir2Sn3Se3

B.A. Trump, et al. Inorg. Chem. 54, 11993-12001 (2015)



Topological Phase Transition When Strained?

B.A. Trump, et al. Inorg. Chem. 54, 11993-12001 (2015)



Final Thoughts?

US Patent #8,860,078


